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" .,  ' ""^  AMgitr*'  — J althaai  wj  prca— Ovlty,  iihila  tlwjr  atlMpt  to 

N.V  uA  flush  oily  liquid  sad  vspor  sssts. 

Ths  Cruds-Oll  Rseorsry  Proeoss  (COW)  Is  s Oadw  pnssai  eoalltleos,  st  bsst.  thass  ships 

sslf>eoatslaad,  elosad-loop,  rosots-ceatrollod,  om  sspsrsts  laartlag  sad  elssalac  astsrlsls  with 

sad  saperpeort  eospstlhlo  systsa  thst  sllalastos  saothv  costly  latsnsdlsto  period  for  vsatUs* 

haasa  la-tsnk  ’^ucklae”.  COW  roeyelss  last  tloa  sad  sss-fros  osrtlflestloa.  OOBP  is  ksysd 

elosaor,  fsellltstlag  systsa  ssfoty  sad  iseowsty  toward  asro  dlsehsrfs  with  satlelpstod  roeovsiy 

of  otharwlss  lost  erudo^ll  sad  clssadaf  aatsorlal.  ^ of  ths  oosaoa  lavtlac/elosalag  sesat,  erudo-oll 

rosldasls  sad  tsak>bottoa  ellecscs.  with  sttoa* 
latrodactlon  ttsa  to  ths  sniaisl  sssward  loss  of  spproxlastoly 

^ IX  allllOB  toM  of  oily  waste  sloac  ^ Tssss 

la  1972  the  Rew  Tvk  Tlaes  lews  SesTrlse  re-  Calf  Ossst  sloae  (9). 

~~  parted  la  s eopyrlchted  article  thst  22  oil  tsah- 

C_?  era  totsUlas  326,336  tons  wore  lost,  "the  worst  As  oarfo  teaks  lacrosse  la  else  sad  eoaplaa- 

C ^ for  peacetlae  ship  losses  since  1691,  when  sceu-  Ity,  the  Halts  of  huasa  ability  to  porcolve, 

rate  ship  casualty  statistics  wars  first  kept"  preBoas  sad  reset  to  the  dsagorv  laeolved  la  teak 

I , I aeeording  to  Lloyds  Register  of  Shlpplac.  Sl’iee  opera tloaa  are  approached.  Current  procedures, 

*"1  the  U.S.  tsnkor,  T.A.  Po«,  exploded  and  sank  altheusb  varying  greatly  froa  port  to  port  sad 

(killing  its  39-Baa  crew)  la  Felruary  of  1972,  betweoo  opaiators,  require  that  tniesn  auckers 

1 « tank  disasters  appear  to  be  aeeeloratli^.  After  cloan  large  theoretically  lasrted  sad  ventilated 

the  Grand  Zenith  was  lost  on  January  8,  1977,  tanks.  la  s auabor  of  reported  eases,  the  teaks 

■ A with  its  38-Ban  crew  and  6.2  allllon  gHlons  of  wore  not  sufficiently  Inert  and/or  ventilated, 

fuel  oil,  the  Senate  began  a najer  investigation  resulting  la  the  nany  catastrophic  losses  of  life, 

Into  tanker  operations.  This  was  the  tenth  tank-  Unb,  and  property.  A significant  feature  of  the 

V accident  In  U.S.  waters  during  only  a 3-week  proposed  systes  relates  to  transferring  the  hunan 

^ period  ending  January  9,  1977.  Aeeording  to  a eeeponent  ('*Bueker ')  fron  unsafe  la-tank  aanual 

^ on  release,  1976  was  the  "worst  year  la  history"  functions  to  non-hasardous  supervisory  and  sala- 

fer  such  aecldents  (I'f).  tonaaee  activities,  thereby  enriching  his  Job  and 

agctondlng  life  espectaacy. 

ClzetUMtances  surrounding  these  losses  ladl- 
eate  the  need  for  a safe,  universal  yet  ecoreni- 
cal  technique  with  which  to  effectively  veld. 

Inert,  ventilate,  clean  and  reload  tanks.  CCRP 
cosblnes  aaterlal,  equlpaent,  facilities,  person- 
nel sad  procedures  In  a cost-effective  syster  to 
neet  this  need.  No  now  equlpaent  designs  or  dis- 
coveries are  required.  CCW  say  use  a single 
waterless.  Inerting/cleaning  agent  In  a contlnu- 
ons-strean,  closed-loop,  non-polluting  activity 
la  a practical,  nodular.  Intonated,  sli^le-polat- 
noorli^  configmtlon  that  is  superport  cocpa'tlbla 


Althoug''  CORP  appears  to  be  ocean-going 
erude-oll  tanker  oriented  only.  It  is  also  appli- 
cable to  other  oil  tanks,  even  stationary  ones, 
sad  nay  alao  be  applicable  to  certain  other  has- 
ardous  cargos.  Prellalnary  tests  proved  both 
the  cleaning  and  lavtlng  ability  of  the  proposed 
■g«»t  (7). 

Zf  national  or  International  energy  and/or 
eavlronrental  goals  are  to  be  accoapllshed  soon, 
CORP  or  sore  systes  like  It  will  have  to  be  adop- 
ted Igr  the  various  tank-using  Indxistrles,  service 
eospanles,  and  leglalatlve.  Judiciary  and  enferce- 
sent  bodlvs,  A slwllfled  Input/output  aodel  of 
CORP  la  snovn  In  Figure  1. 


Ir  addition  to  reducing  hasaxd  levels  froa 
tOKlclty,  explosion,  fire  and  asphyxiation,  CCRP 
should  reduce  the  costly  tanker-downtlse  experi- 
onoed  when  ships  are  forced  to  loiter  vulnerably 


"this  paper  1»  based  on  orlglr...^  research  begun  while  the  author  was  on  leave  froa  Texas  In,<truRer<s  to 
Taxss  AAK  University  as  l^lnclpal  Investlga  ter /Research  Associate  and  Is  partially  covei-ud  by  prior  ror.x 
right.  The  opinions  and  conclusions  expressei  herein  are  those  of  the  author  and  not  necessarily  trwM,' 
of  r *'  the  '.'.S.  Any,  Texas  AAH  University,  or  Texas  InstruBents*  Inc. 
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n«iir«  1.  O08P  Xaput/Du^t  Nodal 


4.  looUtli^  tho  tank  fro*  plplac  moxom 
«r  flMHoklo  liquid  or  v^or. 

5.  Toidliv  or  roMvul  (ixuarfor)  of  eargo- 
1 to  aaothor  faelUtp.  tjrpleallp  shor*- 

slAo  Biorafo. 

6.  iBVilag  tlM  tank  Igr  ona  of  tha  saagr 
iaehBlqBaa. 

7.  Taotllatliic  or  gaa-fraalng  tha  tack  to 
rMfWfi  laarta  and  cafraah  with  dry, 
teaathakla  air. 

8.  w-Maiiy  aoBltorliig  tha  alrt  taatlng  tha 
taak  for  flaaaaUaa,  axploalvaa.  toxl> 
eanta.  eorroalvaa  (alaetrolytaa).  aa* 
pkgxlaiits  and  o«7gaB. 

9.  Cartlfyliv  that  tha  tank  la  aafa  for 
hnaan  an  try  tgr  a Ueanaad  ehaalat. 

10.  Allowlag  huaan  antry  for  Inapaetior.. 
elaanlng.  and  aalntananea  oparatie:ta 
aoeh  aa  for  raaoval  and  dlapoaal  cf 
■ladga  and  aoala,  aafa  atoraga,  loading 
a hlghar-^uallty  cargo,  or  hot  work  moh 
aa  waldlng. 

Iha  Moltoring,  dlaeuaaad  In  Stop  8,  aheuld 
ooonr  aatoaatloally.  at  nany  Uraa-dlsacaiosal 
grid  polnta  throughout  tha  tank  and  eontleuoualy 
throughout  tha  prooadura  although  thla  la  r^t  pat 
hwtng  dona  unlraraallr  today.  Soaa  ergaclaatloM 
prowida  thalr  auekara  with  "local”  (Individual) 
oqulpaant.  Vlthout  oontlnuoua  nultl>polct  coni* 
taring— upon  ralntroduetlon  of  air  (O2)— clxlng. 
faoatli^,  and  oxidation  can  occur  In  an  uceon- 
trollad  aannar.  Iha  aludga  that  wm  ralatlvaly 
deraant  whan  tha  chanlat  eartlflad  tarJc  safoty 
during  8tap  9 uuy  avolva  eontaalnanta  that  say 


Too  Buch  oil  la  waatafuUy  loat  during  tankar 
epamtlona.  Consarvatlon  la  now  a aajor  alaaant 
of  tha  O.S.  National  Flan  for  Enargy.  In  a ra- 
laaaa  datad  19  April  1976.  HlOA  Adalnlatrator  Sr.  B 
C.  Saaaana,  dr.  statad  *Saeh  oarral  aavad  aaana 
ona  haxxal  not  laportad.”  Ha  want  on  to  nay, 
Tonaarvatlon  alao  will  help  provlda  tlaa  for  tha 
Nation  to  dovalopi  aa  It  auat,  now  oMrgy  aourooa 


Tteough  a Utaratura  ravlaw  and  paraonal  eon- 
taeta  with  racognlaad  authorltlaa  In  thla  flald 
It  waa  confimad  that  nany  taehnlquaa  and  proca- 
dnraa  axiat  for  controlling  hasarda  froa  flra, 
axploalon  and  toxicity  (2,  3,  4,  5,  6).  Bacauoa 
■ora  livaa  and  aquipu^  ara  loat  froa  flra  and 
axploalon,  nora  controla  hava  'baan  davalopad  and 
Inatitutad  for  thaaa  prohlaaa  whila  toxicity  and 
tha  plqralcal  hazards  hava  ganarally  baan  glvon 
laaa  attantion. 


Currant  tank  oparations  Involva  too  nany 
handling  ataps,  hatwoan  cargo-1  diacharga  and 
eargo-2  Intake  (17).  Tha  following  saquanea  of 
tanka  la  typical,  hut  not  all  Ineluslva  (lj)i 

1.  Salactlon,  training  and  Indoctrination 
of  tha  craw,  and  Inspoctlon  and  eallhra- 
tion  of  oqulpaant. 

2.  Prallnlnary  praparatlona.  Including  ax- 
taraal  Inapactlon  of  tha  tank  and  a aur- 
way  of  tha  Inaadlata  araa. 

3.  Controlling  aourcas  of  Ignition  Includ- 
ing atatle  potantiala. 
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•oaMiw  Kith  tha  cacffma  mtd  taeoa*  highly  unataU* 

4ariaf  8t«p  10.  In  Step*  6 Md  7.  uMfuI  and  as- 
MMlva  iMort  vapora  sap  baeoaa  air  pellutanta  (li 
B).  heb  of  tha  abava  ataM  eaxrlaa  an  aaaael- 
atad  Xaval  of  risk  (20.  21).  . 


aaeeaaa  bgr  aal^  additional  hardMara,  aubataaeaa, 
aitf  paraomal  la  tba  tanka,  la  dlraet  eoataet 
with  tha  aalatlnt  aludga  and  laHrUm  acaot  (l6).* 

»lat»laaa  Claanlm 


roar  Major  runetiona 

Aa  tan  atapa  of  taakar  elaanlag  eaa  ka  41- 
aldad  Into  four  cajer  fuBOtloaai  voiding,  lavt- 
lag,  gaa  traaliy,  and  elaanlag, 

Aa  tlxat  fttaetlan,  voiding,  la  that  portion 
of  tha  opvatloa  durlsg  ahleh  cargo  la  ranovad. 

It  la  during  thin  fusetloa  that  eartala  aatarlaaa 
taehnlguaa  ara  balxg  axparlnantad  with  to  lift  ^faa 
paralatnnt  tnda  of  etuda-oU  eargoa. 

Aa  aaeond  fusotloa,  laortlag,  la  that  opara- 
tlon  during  which  aa  Isart  aatarlal,  ganarallp 
guaour,  i4.poBpad  Isto  tha  tank  to  radnea  flaa- 
■ikllltp  whila  allewlsg  dilution  of  tha  roaldual 
cargo  y*pat  aa  tha  two  ara  axpallad  with  radaead 
haaaxd  Into  tha  air  azd/cr  water  anvlroanaata. 

‘ A aona  ac /hiatlcatad  oporatlona,  voiding  aal 
lavtli^  ara  eoabisad  lato  a ain^a  atop  kaowa 
aa  purgli^.  Tha  Attar  A nueh  aafar  and  A aona 
what  nora  eoaplax  thaa  tha  Individual  atapa  of 
voiding  or  InortAg.  It  Includaa  voiding,  but  • 
jrler  to  tha  antsy  of  wqrgan^rAh  aA,  antalA 
aa  Intarvaning  slug  of  laart ’aatarlal  that  jra- 
eladoa  tha  poaalhlUt-  of  dilution.  Thun,  purg- 
ing pravaaA  tha  basarA  noraallp  asaocAtad  with 
cargo  raaoval  tros  bacosing  actual  rlaks  ainea 
without  addiUenal  oxygan,  '.ha  likllhood  of  eon- 
tunlon  A ail. 

of  tha  toxlelty  asaocAtad  with  aoat 
Atftlng  aatarAA  thoA  eoneoanltant  oxygon 
aoielnslon,  tha  third  function,  gaa-fraaing  (Stop 
7 ahova)  oust  A aecosplAhad  Xo  aaauro  Ahlt- 
ahUltp  (12)  hafora  husana  can  antar  tha  tanks. 

Aa  difficulty  of  tsA  atop  A dlractly  raAtad 
A weight  and  aA-sAelMlity  of  tha  particular 
Inert  aatarlal.  Kaavlar  InorA  tand  A eolloet 
A haxd-to-raach  task  tottoas  and  cravlcas,  Juat 
Ilka  tha  cargo  raaidual.':.  asking  haiardoua  pock- 
oA  wharaA  non-tlovs  aA  ventilation  A an  A- 
poaalhla  font.  Sisilarly,  A not  particularly 
'alselbla  A aA,.  the  Aerta  will  not  A picked 
up  and  novad  by  sore  convection.  A aona  eaaaa, 
special  spaea-cosnusisg  and  expansive  aachlnos 
are  oaployad  A gesarata  tha  Inerting  agent  on- 
board. Puaps  ara  thar.  used  A coax  these  iMorta 
out  of  tha  tanka  (wlfsout  attention  A recovery). 
BasAas  losing  Ae  value  of  tha  inerU  that  might 
otharwisa  A recycAbla,  aoat  processes  allow 
dlssaalnatAn  of  these  cento  slnanA  within  tha 
SurTOundli^  natural  aA  and  water  anvAonaanA. 

Aa  fourth  or  final  function  A cleaning, 
also  known  as  cuckisg.  Tha  literature  Indicates 
that  neither  has  there  bean  an  atteept  A coablne 
tba  funetAns  of  A.ertlng  and  cleaning,  nor  has 
any  agent  bean  Ider.tlfiad  wlA  this  ability. 

Once  It  A fait  trot  th.a  Inert  and  resUual  cargo 
vapors  Ave  been  rasoved  and  raplacad  sufficiently 
by  clean  aA,  car.-.:al  cleaning  b^lns.  Cleaning 
A currently  acMavad  a varying  dagraes  of 


Bvlag  tha  last  dseado,  ospscAlly.  H has 
boa  tha  corperaA  daalra  of  almost  ovary  cruda- 
ell  ahlppAg  and  using  ostlty  A elAlnaA  tha 
was  af  watar  for  tank  elaanlag.  Baaldaa  work 
has  A the  D.S.,  watarloas  elaanlag  tschn1g»»aa 
aad/or  anchlaary,  have  typically  bean  tastad 
ateoad  by  tha  Canaas,  tha  XsraolA,  and  tha 
Dutch.  At  least  two  0.8.  eerporatlons.  Shall 
Oil  and  taon.ara  Avolvad.  Project  VOTCAT  by 
Base  (11),  elrouAtad  tha  cargo  Itself  A ra- 
sava  eittig^-  A thA  project,  lighter  hydro- 
ouch  as  naptha  would  A sprayod  through 
standard  aosslas  A rinse  tha  tanks  whila  they 
wva  still  ovorrleb  (above  tha  OB,).  VIA  tha 
pelAhlig  tachnlqua  daserlbad  by  NeXansA,  a 
tank  A filled  wlA  karoaoae  far  a glvas  period 
A lift  pvalstont  ell  rasldnas. 

WtrtlTPf 

Aa  proposed  systam,  OOKf,  has  thraa  key  oh* 
jaeUvaa,  namely i 1)  A radnea  0.8.  dapandanca 
upon  feralgn  eruda-olli  2)  A salnAin  0.8.  auf- 
flclsaey  A splA  of  Aeraaslng  domastA  damandai 
3)  A protect  sxAtlig  0.8.  raaoureaa  (not  only 
our  onargy  aoureae  At  tha  elaaalinaaa  of  our 
aA  and  water). 

A aolva  tha  above  noted  prabXaaa  and  not 
AAoduea  now  ceaA  that  would  randv  the  Ach- 
mlgua  oeonoaleally  prohlbltlva,  tha  major  ebjae- 
tlva  Boat  A A Improve  overall  coat  effaetlva- 

of  tha  aatlra  eruda-oll  dallvary  oparatAn 
from  the  wall-haad  A tha  enstomar. 

Alstlng  proeadnraa  wna  analysed  A depth 
and  tan  addlt  Anal  ob  jaetlvaa  baeama  avldant  and 
poaalbla,  an  followsi 

1.  Baduea  ooat  of  raw  eruda 

a.  Sadnoa  oUy-wasA  pollution  (eruda- 
oll  cllngago  and  elaanlng  material) 

b.  baduea  olly-waaA  claan-up  raqulra- 
senA  (lagAAtion,  lltlgatAn,  an- 
fereeaant  and  tha  actual  proeaduras 
Avolvad, even  monitoring). 

2.  baduea  Insuraaca  coaA  (reduce  baaarda, 

' laprove  track  record) 

3.  baduea  tankahlp  tum-arcund/eycla  time 
(unload,  vantAhlbar,  clean,  load) 

k,  baduea  Ank/tanker  maintaaanca  coeA 
a.  laprova  aecaaalbUlty 
A baduea  aludga  build-up 
a.  baduea  cerroaAn 

5.  Incraaaa  tankahlp  par-voyaga  yield 
a.  baduea  alep-tank  raqulramanA 
A LlbarsA  ethw  apaees  for  tank 
capacity 
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6.'  BwlMet  eo«t  of  lobor  (poort  and  ship  ersw) 
s.  Isdues  psrsouMl  turiiovor  (f  stilus/ 

• dlaastlsf action) 
b«  ligrovs  nuokai  function  (job 
ovlobMnt) 

0.  Jmaronro  nuokci  Ufo  supsetsncy 
(slcknsss/nortalltgr } 

?•  XnerosM  port  real  ostata  plaid  (spstaa- 
atle  naa  and  anhaneoaant  of  coUocatart 

^rstaas  safatp) 

8.  Oaptora,  raepelo,  and  rauaa  afants  (Invt- 
lag  and/or  elaanlng) 

9<  Baeaptara  oUp-Mataa  for  ot)Mr  aconcale 
jrooaaaas  (alt«lo-call  protalna) 

a.  Oavalop  now  Industzp 

b.  Davalop  now  bor-produota 

10.  XapreTa  spstaa  flaaclbllltp/ooa^tlbllltp 

a.  Suparpert 

b.  Shora-baaod^and-baaad 

c.  Mobllo  sarvloo  faclUtp. 


Froa  all  Indications,  the  proposed  spstan 
la  capablo  of  aatlafplng  and/or  supporting  all 
of  tba  10  objaetlvas  noted  above.  CORF  la  a sya- 
taa  davalopad  around  axlatlng  hardware  and  soft- 
ware (sea  Figure  2).  This  systaa  la  baaod  upon 
Injection  of  the  cloanlng/lnertliv  agent  as  cargo 
voiding  begins.  The  process  of  Inaortlng  continues 
until  the  tank  Is  asptp  of  Its  first  cargo.  Since 
the  aaae  aaterlal  la  used  for  cloanli^,  It  Is  ob- 
vious that  cloanliv~to  soao  degree — has  already 
been  coapleted  during  voiding.  The  latter  Is  par- 
tially responsible  for  the  reduction 'In  eleanli^ 
tlae,  as  such. 


Flgur  'cal  Tank  Car  Open-Loop  Type 

I . -figuration  In  Use  Today 


Onoe  the  tank  la  cleanad,  It  Is  ready  te 
receive  Its  nest  (second)  cargo.  Since  the  tank  • 
Is  net  allowed  to  eschange  air  with  the  oavlree- 
Mot.  the  only  air  allowed  Into  the  tank  U oo»- 
txollad  and  Is  only  to  aalntaln  atneepherlc  oqul- 
llteliie.  tfben  the  nant  (second)  cargo  Is  ready 
to  bo  added  (no  natter  how  aich  later  or  how  far 
aasgr),  this  centroUod  anount  of  air  Is  drawn 
off  la  eschange. 

loileo  that  the  tank  U kept  Inert  Igr  the 
■»'**»«»« -f  agent,  which  is  aoo-toxlc  and  nen- 
ocrreelve,  fer  the  entire  period  betwoan  roaoval 
of  casgo-l  and  addition  of  earge-2. 

■athar  than  opsatlag  abovo  the  OCL,  this 
syetea  will  aalntaln  the  v^er  space  below  the 
UL  upon  Initiation  of  the  voiding  preceas. 

Thee,  the  proUae  of  how  to  safely  got  below  the 
m free  an  cverrlch  condition,  as  aaclsts  with 
■oet  other  techniques,  will  bo  oUalnated.  Zt 
Is  believed  that  aeve^  aajer  benefits  will 
aocxeo  free  aocoptanee  of  this  waterlaes  Cmde- 
011  Bacovary  Froeess. 

The  aystee  nay  provide  hardware,  procedures, 
and  a vehicle  for  greater  cooperation  aaong  and 
eere  cloarly  defined  xesponaibUltlee  for  ship 
owners,  shippers,  port  operators/authorltlee, 
and  taakar-fleot  op«ators.  This  systea  Is  Ide- 
ally suited  to  current  Instruaentatlon  techniques 
and  any  further  lapreve  visibility  and  the  ability 
to  co^ly  with  local,  state,  federal  and  Inter- 
national pollution  abateaent  roccaeondatlons, 
regulations,  and  goals.  This  systea  Is  expected 
to  reduce  fauasn,  aqulpaent, , and  facUltlas  has- 
arls  froa  fire  and  explosion  while  oaptylng, 
inertlig,  cleaning  or  flUlog  tanks.  The  systea 
will  ellalnate  the  cargo  loss  that  currently  bo- 
ooase  air  and  water  pollution,  caused  by  dusplng 
the  cloanlng-agent/oUy-wsste  overboard.  The 
proposed  systaa  la  expected  to  raduco  the  logis- 
tics burden  and  dawn  tlae  tgr  ceablnlng  Inerting 
and  cleaning  Into  one  operation  with  a single  sa- 
terlsl.e  This  should  be  aceeapUshad  without 
the 'usual  Intervening  2-day  ventilation  requlr- 
aent  since  no  huaan  entry  Into  the  tank  is 
necessary  for  tank  cleaning.  This  aay  further 
reduce  costs  by  ellalnatli^  the  need  fer  aany 
of  the  rosplratoiy  protective  devices  (16). 

The  autoastad  nature  of  the  proposed  syston 
say  provide  the  sea-duty  crew  an  Ideal  chance 
for  shoreside  BUI  while  the  ship  Is  being  ser- 
vleed  thus  providing  slsultanoous  In-port  aaln- 
tenance  for  the  ship  and  crew  alike— a feature 
never  previously  available  short  of  s full-fledged 
dry  dock.  Xt  Is  not  Intended  for  the  level  of 
autcastlon  to  reduce  pvsonnel,  but— instead — to 
teanaf er  functions  such  that  the  «rew*s  longevity 
and  growth  potential  is  liqrevoa.  Finally,  the 
proposed  systea  should  reclals  approxlaately  100 
- percent  of  both  the  coaaon  Inertlng/cloanlng 
agent  and  the  residual  cargo. 


eiho  proposed  Inerting  solvent  Is  available  world- 
wide and  Is •typically  aanufactured  In  the  U.S.  by 
DuPont,  Union  Carbide  and  Bsron-Blakeslee. 
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to  MtoU*  ^ 'I**  mstlM 
with  as  iijtwwatrt.  is  cargo,  foal  aad/«r 
tollaat  eaxxylBg  e^aeltar,  Ihla  stouXl  to  aoeo*> 
yUalMd  to  rad»eli«  tto  aaad  for  oa>toazd  tuk- 
I— hlfc  slap  tanka  and  aaparator  ajrstaaa,  and 
en>toard  latft-gas  gMMratan  and 
thatr  attaadaat  aaaUoUlag,  aalntanaaM,  and 
yoMT  roqttlroaants.  A slap^tad  aeha*atlc  of 
tha  pKopoaad  ayataa  la  atamm  in  Plgnra  3> 

fha  agnataa  ahould  to  lapanrloua  to  dagrada- 
-tl«D  ftoa  tha  toalelty  or  haaardooa  natnra  of  tha 
ango  (tha  ajrataa  ahould  to  Inartlng  xattMr  than 
ocagllcatlng  in  natura).  It  la  plamiad  that  tha 
agrataai  to  In  eoavllanea  with  tha  CuMa  for  tha 
Blapeaal  rf  Shlnhoa^  Haataa  (Ij),  Fadaral  ragu- 
latl^MaS  tha  International  Confaranea  on  Fol- 
iation (10). 

ktwtthmr  liagr  attrituta  la  that  COKP  ahould 
to  alCLa  to  work  In  pazallal  vlth  aoUd-aaata  dla> 
y— ayatana  and  othar  portalda  fuaetdona  without 
ahlptoard  or  ahoraalda  Intarfaranea,  or  now  on- 
toaxd  powar  raqulraaonta. 


Finally,  thla  propoaad  taidc  lavtlng  and 
olaanlng  ayaiaa  coaMnaa  ttaraa  additional  am- 
elal  jropoaltlonai  1)  tha  uao  of  a aoo-eoata»- 
1 Bating,  noB-oorroalva  cloaad-loop  or  eoatlnuoua 
Btraani  2)  tha  ability  to  uaa  the  antlro  pro- 
aadaea  at  a flaxlhla  alngla-polnt  aoorlngi  aad 
3)  xadaead  dwnd  for  depot  (dry  doek) 
aatlwltlaa. 

araoBola  of  CooBlatad  Taatlnt 

Oaa  oat  of  prallalnary  taata  prowad  that  tha 
propoaad  olaanlng  agent  la  able  to  lift  eruda- 
oU  ftroB  varlaua  tank  aurfaeaa  uedar  SIT  aahlaat 
oondltlona  (7).  Additional  Panato'Nartana  taata 
Talldatad  tha  theory  that  tha  propoaad  lasting- 
agont/oxuda-oll  alxtnra  flaah-polnta  are  oonald- 
araUr  *«*g*»«^  than  that  of  emla-oll  alone  (Fig* 
ora  k),  lhaaa  two  aata  of  taata  autotantlata 
tha  vaiaa  of  a oaaaon  Inartlag/cl  aanl  ng  agent  aa 
proponad  with  OCKF. 
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BaaKaaaaanaaaaNaaaaaa 
snflHafanisauaBaasnaaaK 
BBaaak-iuaaBBaiiBbaaaaaB 
eHKaaRsiaBBBaHaaaaaaBa 
iBBstas'iiHeBBBBaBeaaBaa 
SBsraDgaauHaaaneaaaaa 
BtoBBaa  .lUHaBaBaaaaaBBB 
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